Pyrimido [4,5-b] quinolines (also known as 5-deazaflavins) have been a focus of interest in medicinal chemistry because their biological properties, such as antimicrobial (El-Sayed et al., 2002; Nadaraj et al., 2012) , antitumour (Alqasoumi et al., 2010; El-Ashmawy et al., 2013; El-Gohary, 2013 ) and analgesic activities (El-Gazzar et al., 2008 , 2009 . As part of a program aimed at the development of new multicomponent reaction protocols we have now prepared the title benzo[g]pyrimido [4,5-b] quinoline-4,6,11(3H,5H,12H)-trione, (I) (Fig. 1) , using a cyclocondensation reaction involving naphthalene-1,2,4(3H)-trione, an arylaldehyde and a 6-aminopyrimidine-4(3H)-one (see Scheme). The reaction was conducted under solvent-free conditions and was promoted by microwave irradiation. We report here the molecular and supramolecular structure of compound (I), which we compare briefly with that of 2-methoxy-3-methyl-5-(3,4,5-trimethoxyphenyl)benzo[g]-pyrimido [4,5-b] quinoline-4,6,11(3H,5H,12H)-trione, (II) (see Scheme), which had been prepared using an entirely analogous three-component condensation reaction (Castillo et al., 2013) .
difference maps. H atoms bonded to C atoms were then treated as riding atoms in geometrically idealized positions, with C-H distances of 0.95 (aromatic), 0.98 (methyl) or 1.00 Å (aliphatic C-H) and with U iso (H) = kU eq (C), where k = 1.5 for the methyl groups, which were permitted to rotate but no tot tilt, and 1.2 for all other H atoms bonded to C atoms. H atoms bonded to N atoms were permitted to ride at the positions located in difference maps, with U iso (H) = 1.2U eq (N), giving the N-H distances shown in Table 2 .
Results and discussion
Compound (I) crystallizes in the space group P1 with Z 0 = 3; it will be convenient to refer to the molecules containing atoms N11, N21 and N31 ( Fig. 1 ) as types 1, 2 and 3, respectively. Each molecule of compound (I) contains a stereogenic centre, at atoms C15, C25 and C35, respectively, but the centrosymmetric space group confirms that the compound crystallizes as a racemic mixture. By selecting the reference molecules of types 1 and 2 to have the R configuration at atoms C15 and C25, respectively, while the type 3 molecule has the S configuration at atom C35, it is possibly to assemble a compact asymmetric unit in which the three reference molecules are linked by four hydrogen bonds, two each of N-HÁ Á ÁO and N-HÁ Á ÁN types (Table 2) , and it is to this selection of reference molecules that the deposited atomic coordinates and the derived geometrical parameters refer. However, the conformational parameters in Table 3 all refer to the R configura- Computer programs: COLLECT (Hooft, 1998) , DIRAX/LSQ (Duisenberg et al., 2000) , EVALCCD (Duisenberg et al., 2003) , SIR2004 (Burla et al., 2005) , SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009 ).
Figure 1
The R enantiomers of the three independent molecules of compound (I), showing the atom-labelling schemes for (a) a type 1 molecule, (b) a type 2 molecule and (c) a type 3 molecule. Displacement ellipsoids are drawn at the 30% probability level.
tions of the three independent molecules and the three molecule shown in Fig. 1 are the three R enantiomers. Within this asymmetric unit, molecules of types 1 and 2 are linked by pairs of N-HÁ Á ÁN hydrogen bonds in an R 2 2 (8) (Bernstein et al., 1995) motif, while molecules of types 1 and 3 are linked by pairs of N-HÁ Á ÁO hydrogen bonds to form a second R 2 2 (8) motif.
For the R enantiomer of each of the independent molecules, the ring-puckering parameters (Cremer & Pople, 1975) show (Table 3 ) that the rings containing atoms Nx1 (where x = 1, 2 or 3) adopt conformations fairly close to boat forms for which the idealized values of the puckering angles are = 90
and ' = 60k
, where k represents an integer. The orientations of the methylsulfanyl units relative to the adjacent pyrimidine rings are all fairly similar, as are the orientations of the pendent aryl rings relative to the adjacent reduced pyridine rings, but the values of the torsion angles Cx4A-Cx5-Cx51-Cx52 and Cx5A-Cx5-Cx51-Cx52 differ sufficiently among the three independent molecules effectively to preclude the possibility of any additional crystallographic symmetry.
However, the principal conformational difference between the molecules, which definitively rules out the possibility of any additional symmetry, is the orientation of the methoxy substituent. In the molecules of types 1 and 2, the methyl Cx58 atoms are fairly close to the plane of the adjacent aryl rings, displaced by 0.381 (4) and 0.047 (6) Å , respectively, and oriented away from the Cx5-Hx5 bond, but in the type 3 molecule, where the methyl C atom is displaced from the adjacent ring plane by 0.169 (4) Å , the methoxy substituent is oriented towards the C35-H35 bond ( Fig. 1 and Table 3 ).
In each of the molecules, the two exocyclic C-C-O angles at the Cx54 atoms differ by around 10 (Table 3) , as is often found in methoxyphenyl units in which the methyl C atom is effectively coplanar with the adjacent ring (Seip & Seip, 1973; Ferguson et al., 1996; Patterson et al., 1998 ). An exactly comparable pattern is observed for the exocyclic N-C-S angles at atoms C12, C22 and C32 (Table 3) .
The hydrogen bonds formed by the type 3 molecule differ from those formed by the molecules of types 1 and 2 (Table 2) . In particular, the type 3 molecule forms no N-HÁ Á ÁN hydrogen bonds and, indeed, the N312-H312 bond plays no role in the supramolecular assembly, forming only a short intramolecular contact with an N-HÁ Á ÁO angle of only 102 , which is far too small for this contact to be significant (cf. Wood et al., 2009 Table 2 Hydrogen-bond geometry (Å , ).
Cg represents the centroid of the C251-C256 ring. Symmetry codes: (i) Àx; Ày þ 1; Àz; (ii) Àx þ 1; Ày; Àz; (iii) Àx þ 2; Ày þ 1; Àz þ 1; (iv) x þ 1; y; z. Table 3 Selected geometric parameters (Å , ) for the R enantiomers of the three independent molecules in compound (I).
Ring-puckering angles are defined for the atom sequences Nx12-Cx1A-Cx5A-Cx5-Cx4A-Cx2A for x = 1, 2 or 3.
(a) Torsion and bond angles Molecule 1 Molecule 2 Molecule 3 Figure 2 Part of the crystal structure of compound (I), showing the formation of a centrosymmetric six-molecule aggregate containing ten hydrogen bonds. For the sake of clarity, H atoms bonded to C atoms have been omitted, as has the unit-cell outline. Atoms marked with an asterisk are at the symmetry position (Àx, Ày + 1, Àz).
act as acceptors in N-HÁ Á ÁN hydrogen bonds, the N31 atom acts as an acceptor only in a C-HÁ Á ÁN hydrogen bond, where the HÁ Á ÁN distance (Table 2) is well below the sum, 2.75 Å , of the van der Waals radii (Bondi, 1964; Rowland & Taylor, 1996) . Thus, while the molecules of types 1 and 2 are broadly similar, both in their molecular conformations and in their hydrogen-bonding characteristics, at least so far as the N-HÁ Á ÁO and N-HÁ Á ÁN interactions are concerned, the type 3 molecule shows significant differences from the other two in both of these respects. There are no short intermolecular contacts involving the S atoms; in any event, it is well established that two-connected S atoms of the type found here are extremely poor hydrogen-bond acceptors (Allen et al., 1997) . In this connection, it is worth noting here that the O atom of the corresponding methoxy group in compound (II) (see Scheme; Castillo et al., 2013) likewise does not act as an acceptor of hydrogen bonds. Similarly, none of the methoxy groups in the three independent 4-methoxyphenyl groups in (I) or in the 3,4,5-trimethoxyphenyl group of (II) accept any hydrogen bonds. It is thus not surprising that the S atom in (I) plays no role in the supramolecular assembly.
As noted above, four hydrogen bonds link the three independent molecules in the selected asymmetric unit and, in addition, an inversion-related pair of N-HÁ Á ÁO hydrogen bonds links two of these three-molecule units to form a centrosymmetric six-molecule aggregate containing a total of ten hydrogen bonds, six of N-HÁ Á ÁO type and four of N-HÁ Á ÁN type, arranged into five R 2 2 (8) rings, three built from pairs of N-HÁ Á ÁO hydrogen bonds and two from pairs of N-HÁ Á ÁN hydrogen bonds (Fig. 2) . Three further hydrogen bonds, one each of C-HÁ Á ÁN, C-HÁ Á ÁO and C-HÁ Á Á (arene) types link the six-molecule aggregates into a continuous three-dimensional framework structure, whose formation is readily analysed in terms of three one-dimensional substructures (Ferguson et al., 1998a,b; Gregson et al., 2000) , each utilizing just one of these three further hydrogen bonds. The six-molecule aggregate identified above forms a convenient basis for the descriptive analysis of the supramolecular assembly; since, however, the overall assembly is a continuous three-dimensional array, this six-molecule aggregate has no special structural significance beyond its utility for the purpose of simplifying the description.
The six-molecule aggregates are linked by the C-HÁ Á ÁN hydrogen bond to form a chain of rings running parallel to the [201] direction, where inversion-related pairs of C-HÁ Á ÁN hydrogen bonds generate R 2 2 (14) motifs (Fig. 3) . The C-HÁ Á ÁO hydrogen bond, on the other hand, links the aggregates into a second chain of rings, now running parallel to the [110] direction, and containing only R 2 2 (8) rings (Fig. 4) ; the chain construction requires only the participation of the type 1 and 2 molecules, with the type 3 molecules simply pendent from the chain itself. Finally, the C-HÁ Á Á(arene) hydrogen bond generates a third chain of rings running parallel to the [100] direction, built from type 2 molecules only, with molecules of both types 1 and 3 pendent from it; here R It is of interest briefly to compare the structural properties of compound (I) with those of the analogous compound (II) (Castillo et al., 2013) . Compound (II) crystallizes in the space group P1 as a partial hydrate having Z 0 = 1, and the components are linked by a combination of N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds to form a chain of rings; hence, in (II), with Z 0 = 1, the supramolecular aggregation is one-dimensional, whereas in (I), with Z 0 = 3, the supramolecular aggregation is three-dimensional. Data collection: COLLECT (Hooft, 1998 ); cell refinement: DIRAX/LSQ (Duisenberg et al., 2000) ; data reduction:
EVALCCD (Duisenberg et al., 2003) ; program(s) used to solve structure: SIR2004 (Burla et al., 2005) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009 ).
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